Nucleotide binding domain 1 of the human retinal ABC transporter functions as a general ribonucleotidase.
Members of the ATP binding cassette (ABC) superfamily are transmembrane proteins that are found in a variety of tissues which transport substances across cell membranes in an energy-dependent manner. The retina-specific ABC protein (ABCR) has been linked through genetic studies to a number of inherited visual disorders, including Stargardt macular degeneration and age-related macular degeneration (ARMD). Like other ABC transporters, ABCR is characterized by two nucleotide binding domains and two transmembrane domains. We have cloned and expressed the 522-amino acid (aa) N-terminal cytoplasmic region (aa 854-1375) of ABCR containing nucleotide binding domain 1 (NBD1) with a purification tag at its amino terminus. The expressed recombinant protein was found to be soluble and was purified using single-step affinity chromatography. The purified protein migrated as a 66 kDa protein on SDS-PAGE. Analysis of the ATP binding and hydrolysis properties of the NBD1 polypeptide demonstrated significant differences between NBD1 and NBD2 [Biswas, E. E., and Biswas, S. B. (2000) Biochemistry 39, 15879-15886]. NBD1 was active as an ATPase, and nucleotide inhibition studies suggested that nucleotide binding was not specific for ATP and all four ribonucleotides can compete for binding. Further analysis demonstrated that NBD1 is a general nucleotidase capable of hydrolysis of ATP, CTP, GTP, and UTP. In contrast, NBD2 is specific for adenosine nucleotides (ATP and dATP). NBD1 bound ATP with a higher affinity than NBD2 (K(mNBD1) = 200 microm vs K(mNBD2) = 631 microm) but was less efficient as an ATPase (V(maxNBD1) = 28.9 nmol min(-)(1) mg(-)(1) vs V(maxNBD2) = 144 nmol min(-)(1) mg(-)(1)). The binding efficiencies for CTP and GTP were comparable to that observed for ATP (K(mCTP) = 155 microm vs K(mGTP) = 183 microm), while that observed for UTP was decreased 2-fold (K(mUTP) = 436 microm). Thus, the nucleotide binding preference of NBD1 is as follows: CTP > GTP > ATP >> UTP. These studies demonstrate that NBD1 of ABCR is a general nucleotidase, whereas NBD2 is a specific ATPase.